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ABSTRACT 

In this paper we have investigated the problem of 
gravitational instability of gaseous plasma incorporating 
viscosity, thermal conductivity, rotation, finite electron 
inertia, magnetic field and in the presence of finite dust 
particles. With the help of linearized perturbed equations of 
the problem a general dispersion relation is obtained. The 
general dispersion relation is discussed in different way of 
our interest. 
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1. INTRODUCTION 

The gravitational instability of an 
infinite homogeneous self-gravitating 
interstellar medium was first discovered by 
Jeans 1 . And latter a detailed contribution of 



the Jeans instability with different 
assumption on the magnetic field and 
rotation has been discussed by 
Chandrasekhar 2 . In this connection, many 
authors have investigated the Jeans instability 
of a homogeneous Plasmaconsidering the 
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effects of various parameters. Chhajlani and 
Sanghvi 3 , Chhajlani and Vyas 4 , Prajapati 
et al. 5 , Bora and Talwar 6 , Pensia et al. 1 . 

In their paper we examine the 
validity of Jeans criterion when an infinitely 
extending homogeneous gaseous medium is 
rotating uniformly in the presence of finite 
dust particles and transverse magnetic field 
incorporating the effects of thermal 
conductivity and finite electron inertia. 

2. LINEARIZED PERTURBATION 
EQUATIONS 

We consider an infinite 
homogeneous, viscous, Self-gravitating, 
rotating ionized plasma composed of gas and 
the fine dust particles (suspended particles) 
incorporating thermal conducting and finite 
electron inertia. 

Linearized Perturbation Equations of the 
Problem are, 



Sv V5P KN 

— = + VSd) + (u - v) 

St p p 

+dV 2 v + ^(Vxb) xB + 2(vxn) (1) 



f t = {B.V)v-{v.V)B + ^b (8) 



dSp —> 

— = -pV.v 



SP = C 2 SP 
V 2 5</> = -AizGSp 



AV'ST = pC, 



dSt _ dSP_ 



(2) 

(3) 
(4) 

(5) 
(6) 



Where, 

v(v x , v y , v z ), u(u x , u y , u z ), N, p, P, 
</>, B(0,0, B), 7^Q X , 0,n z ),T,G^, C p , A, R, 
m, p s> a) pe , K s (6npr) andb{b x> b y> b^) 
denote respectively, the gas velocity, the 
particle velocity, the number density of the 
particle, density of the gas, pressure of the 
gas, Gravitational potential, magnetic field, 
rotation, temperature, Gravitational constant, 
kinematic viscosity, specific heat at constant 
pressure, thermal conductivity, gas constant, 
mass per unit volume of the particles its 
density, plasma frequency of electron, the 
constant is the stoken drag formula and the 
perturbation in magnetic field. 

3. DISPERSION RELATION 

We analyze these perturbations with 
normal oscillation technique; we find 
solution of equation (l)-(8). In a uniform 
system we can find a plane-wave solution 
with all variables varying as, 



exp{i(k x ,k z ,a)t)} 



(9) 



Where k x , /c z arethe wave numbers of 
perturbation along the x and z-axis so that 
k x + k z = k 2 and the frequency of 
harmonic disturbances, Using (2)-(9) in (1), 
we obtain the following algebraic equations 
for the components 

M lVx -2n z v y + ^ri^s =0 (10) 



2{2 z v x + M 2 u y — 2Q z v z = 0 



(11) 



SP _ ST Sp 
P ~ T p 



(7) 2Q x u y + d 1 v z +^t^tS = 0 



(12) 
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The divergence of (1) with the aid of (2)-(9) 
gives 



ik x v 2 k 2 
A 1 



-v x + 2i(k x n z - n x k z )v y - M 3 s = 0 



Sp. 



(13) 



Wheres = — is the condensation of the 
P 

medium 



c c 2 

Y = — = — ratioof the specific heat, 

c v c 

V = r-. — is the Alfven velocity, 



Anp 
KN 

= — has the dimension of 

P 

7YL 

frequency ,t = —is the relaxation time, 

K s 

B = xQ 9 = —is the mass conservation, 
P 

a = idt) is the growth rate ofperturbation, 
Q& = VK 2 , A 1= of , 

f = { 1+c -i)' 9k= pT p 

is the thermometric Conductivity, 

C and C is the adiabatic and isothermal 

velocities of sound. 



off- + Ykrf' 



= (C' 2 K 2 - AnGp)£? T = 
( V 2 K 2 

( V 2 K 2 
M 2 = [d 1 + 



M 3 = (adi + £? T ), 
M 4 = (k x Q z - Q x k z ) 

The nontrivial solution of the determinant of 
the matrix obtained from (ll)-(13)with 



(y x , v y , v z ,) having various coefficients, 
that should vanish is to give the following 
dispersion relation. 

d, [ad 1 {M 1 M 2 +4tf} + 4 -^f^ + 

#{Mf + 4tf-^}] = 0 1 (15) 

The dispersion relation 15 shows the 
combined influence of fine dust particles 
thermal conductivity, finite electron inertia, 
magnetic field, viscosity and rotation of the 
self-gravitational instability of a homo- 
geneous plasma. If we ignore the effect of 
finite electron inertia then 15 reduces to 
Chhajlani and Vyas 4 . The present results are 
also similar to those of Chhajlani and 
Sanghvi 3 in the absence of rotation and finite 
electron inertia neglecting the contribution 
of finite Larmor radius (FLR) connection 
and Hall parameter in that case. In the 
absence of finite fine dust particles 15 give 
similar result as are obtained by Prajapati 
et al. 5 excluding the effects of arbitrary 
radiative heat-loss functions, permeability, 
electrical resistivity and Hall-effect in that 
case. 

Thus with these correlations we find 
that the dispersion relation (15) is modified 
due to the combined effects of finite dust 
particles, finite electron inertia, rotation , 
magnetic field, viscosity and thermal 
conductivity. This dispersion relation well 
be able to predict the complete information 
about the a coustic wave, Alfven wave and 
Jeans gravitational instability of the gaseous 
plasmas considered. The above dispersion 
relation is very lengthy and to analysis the 
effects of each parameter we now reduce the 
dispersion relation 15 for two modes of 
propagation. 
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4. ANALYSIS OF THE DISPERSION 
RELATION 

4.1. Longitudinal mode of propagation 

{K\\B) 

For this case we assume that all the 
perturbations andlongitudinal to the 
direction of the magnetic field 
(i.e.K z = K, K x = 0). 
Thus the dispersion relation (15) reduces in 
the simple from to give 

ad 1 {(d 1+ ^) 2 + 4^j + ^^ + 
/^{(d 1 + ^) 2 + 4^j = 0 (16) 

This dispersion relation is further 
reduced for rotational axes are parallel and 
perpendicular to the direction of the 
magnetic field for simplicity. 

4.1.1. Axis of rotation parallelto the 
magnetic field (i2 II B). 

When the axis of rotation is along 
the magnetic field, i.t.Q x = 0and/2 z = Q . 
Then (16) reduces to as 



[ad x + £f T ) J(cr + Oq 
AC? 



+ JL -T + 



OT+1 



= 0 



if r \ 

(17) 



This dispersion relation shows the 
combined influence of fine dust particles, 
finite electron inertia, viscosity, rotation, 
magnetic field and thermal conductivity on 
the self-gravitational instability of the 
hydro-magnetic fluid plasma. In the absence 
of fine dust particles, finite electron inertia, 



permeability, rotation and radiative heat-loss 
function. This dispersion relation reduces to 
that Chhajlani and Patidar 5 . The dispersion 
relation 17 is the product of relation 17 is the 
product of two independent factors. These 
factors show mode of propagations 
incorporating different parameters as 
discussed below. 

The first factor of 17 is identical to 
that of Chhajlani and Vyas with porosity 
C = 1 in that case and has been discussed 
by them. This represents a stable damped 
mode modified due to the viscosity, finite 
dust particles and thermal conductivity. The 
dynamical stability of the system can be 
examined by applying the Hurwitz criterion 
on the mode of propagation represented by 
first factor of the dispersion relation 17 . 

It can also be seen that, for the 
longitudinal propagation in the medium, 
Jeans condition remains unaltered even by 
the inclusion of the effect of fine dust 
particles and finite electron inertia. Owing to 
the inclusion of thermal conductivity the 
isothermal sound velocity is replaced by the 
adiabatic velocity of sound. The second 
factor of 7 gives, on substituting the value of 
d x , 4 x the following Six degree polynomial 
equation. 

T 2 f 2 a 6 + 2tct 5 / 2 [1 + t(/? + Og)] 
+ a 4 [/ 2 {l + T(/? + ^)} 2 
+ 2t(^/ + tK 2 V 2 ) + Ax 2 f 2 Cf\ 
+ G 3 [2rfK 2 V 2 + 8rf 2 if 
+ 2f(fQ d + tK 2 V 2 ){1 + t(/? + Hg)}] 
+ a 2 [(fn^+rK 2 V 2 ) 2 



t a \yj t ta v ) 
+ 2fK 2 V 2 {l + t(/? + + 4/2^] 
+ o[2K 2 V 2 (fn# + zK 2 V 2 )] + K 4 V 4 
= 0 



(18) 
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The dispersion relation (18) is a 
non-gravitating Alfven mode modified by 
the presence of fine dust particles, finite 
electron inertia, viscosity and rotation. We 
find that in this dispersion relation the terms 
due to the finite electron inertia have entered 
through the factor of. 

4.1.2. Axis of rotation perpendicular to 
the magnetic field(i2i. B). 

In the case of a rotation axis 
perpendicular to the magnetic field, we put 
Q x = Q and Q z = 0 in the dispersion 
relation (16) and this gives, 

((Mi + K 2 V 2 )[(d 1 A 1 + K 2 V 2 ){ad 1 + 
f%) + 4o A^] = 0 (19) 



This dispersion relation is the 
product of two independent factors. These 
factors show the mode of propagations 
incorporating different parameters as 
discussed below. 

The first factor of 19 also represents a 
stable non-gravitating Alfven mode modified 
by fine dust particles, finite electron inertia 
and viscosity but this mode is not affected 
by rotation. 

Thus we see that Alfven mode is not 
affected by rotation in longitudinal mode of 
propagation when axis of rotation is taken 
perpendicular to the direction of magnetic 
field while this non-gravitating Alfven mode 
is affected by rotations when axis of rotation 
is taken to parallel to the magnetic field. The 
second factor (19) gives on substituting the 
values of d 1 ,A 1 and the following 

seven degree polynomial equation. 



r 2 a 7 f + ct 6 [t/{2 + t(2A + 2/3 + 0 k )}] 

+ a 5 [f{l + 2t(2 A + 0 + 9 k )} 

+ t 2 {//2? + K 2 V 2 + 4/ A + /(JS + A,) (A, + $ + 20 k )}] 

+ o- 4 [/(2A + e k ) + 2j{fnj + k 2 v 2 + 4/ A + f(p + A) (A + s k ) + /A^} 
+ r 2 {e k (f^ + k 2 v 2 + 4/A) + (p + aX/A 2 + K2y2 + ff™* + f^k)}] 

+ a 3 [(ftij + K 2 V 2 + 4/A + /A9 + 2fn d e k ) 

+ t{(p + AOC/A 2 + k 2 v 2 + 2/A#fc) + ACfA 2 + K2y2 ) 

+ 29 k (ftij. + K 2 V 2 + 4/A)} + T 2 {K 2 V 2 tij + 0 k {p + Qv){jtf r + K 2 V 2 )}] 

+ a 2 [Q d (fn- + k 2 v 2 + /A^fc) + ^(/A 2 ' + k 2 v 2 + 4/A) 

+ T{2K 2 v 2 ri- + 2 AflfcCfA 2 ' + k 2 v 2 )} + T 2 K 2 v 2 e k tij. + Tpe k {ftf y + k 2 v 2 )] 

+ a[K 2 V 2 Oj + Qv6 k (faj, + K 2 V 2 ) + 2jK 2 V 2 Q k ^\ + K 2 V 2 8 k Oj, = 0 

(20) 



These dispersion relation as 
presents the effect of the simultaneous 
inclusion of the fine dust particles, finite 
electron inertia, thermal conductivity, 
viscosity, rotation and magnetic field on the 



self-gravitational instability of the system 
for longitudinal propagation with the axis of 
rotation perpendicular to the magnetic field. 
The condition of instability and the 
expression of the critical Jeans wave are 
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obtained from the constant term of , which 
is identical to that of obtained by Chhajlani 
and Vyas 8 . 

We find that is the dispersion 
relation 20 some terms are multiplied by 
terms due to the finite electron inertia, but 
the constant terms is independent of the 
finite electron inertia. 

Hence the condition of instability 
well not be affected by the presence of finite 
electron inertia, but the growth rate of the 
system well be changed. It is also find that 
the condition of instability well not changed 
by the viscosity and the presence of fine dust 
particles. 

4.2. TRANSVERSE MODE OF 
PROPAGATION^ -ZB) : 

For this case we assume all the 
perturbations transverse to the direction of 
the magnetic field(i. e.K x = K, K z = 0). 
Thus the dispersion relation (15) becomes 

o[d 1 {M 1 d 1 + 4tf} + 4 -^] + 

& T (d\ + AO*) = 0 (21) 

The dispersion relation 21 shows the 
influence of finite electron inertia, presence 
of finite dust particles, rotation, viscosity, 
magnetic field and thermal conductivity on 
the self-gravitational of infinite homo- 
geneous plasma. In the absence of finite 
electron inertia 21 reduces to that of Chhajlani 
and Vyas 4 with taking porosity £ = land 
neglecting permeability in that case. If we 
ignore finite electron inertia and rotation 21 is 
similar to those of Chhajlani and Sangvi 3 in 
the absence of FLR corrections and Hall 
effect is that case. The presents results are 
also similar to those of Prajapati et al. 5 in the 



absence of arbitraryradiative heat-loss 
functions permeability, electrical resistivity 
and Hall effect in that case. 

Now we discuss this dispersion 
relation 21 is the case of rotation axes parallel 
and perpendicular to the magnetic field. 

4.2.1. Axis of rotation parallel to the 
magnetic field (i2|| B). 

When the axis of rotation is along 
the magnetic field, we put 
C2 X = 0 and Q z = Q and then the 
dispersion relation 1 be comes, 

d 1 [di{oM 1 + r%) + 4a rf] = 0 (22) 

This dispersion relation shows the 
combined influence of finite electron inertia, 
viscosity, rotation, presence of finite dust 
particles, and thermal conductivity on the 
self-gravitational instability of the hydro- 
magnetic fluid plasma. 

In the absence of finite electron 
inertia, rotation and finite dust particles this 
dispersion relation reduces to that of 
Chhajlani and Parihar 9 with ignoring the 
effect of Hall current, electrical resistivity 
and permeability of that case. In the absence 
of finite electron inertia and finite dust 
particles this dispersion relation is identical 
to that obtained by Vyas and Chhajlani 8 with 
neglecting the contribution of finite dust 
particles, Hall current, electrical resistivity 
and permeability in that case. In the absence 
of fine dust particles, finite electron inertia, 
rotation 21 give similar results as are obtained 
by Chhajlani and Parihar 9 excluding the 
effects of Hall current, electrical resistivity, 
permeability and porosity in that case. The 
dispersion relation 22 has two independent 
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factors, each representing different modes of relation is stable mode as discussed in the 
propagations. previous case and the second factor of the 

dispersion relations 22 simplification written 
The first factor of this dispersion as 



t 2 ct 6 + ct 5 t[2{1 + t{P + i9 fe )} + r9 k ] 

k 2 V 2 o 



+ 40 2 ] + 2t6l 



+ {1 + r(B + d k )}{l + TiP + d k + 29 k )} 



(^2^2^ \ / j i 2y2 (J \ 

4 + — — + 41*J + t f 4 + — — + Stf + 2d k 9 k \ 

+ {i + Tip + 6 k )} |(2i? k + e k ) + t (rij + k -^- + d k e k + p9 k 



+ a 



+ {1 + Tip + |4 + + 20 fc 0 fc + T0 fe (4 + /c 2 K 2 ) 



/c 2 K 2 <7 



+ t \v k + — — \ + e k 4 + 



i4i 

,2i/2 



/e 2 y 2 cr 
4i 



/ , /c 2 K 2 a \ / , k 2 V 2 a\ 

d k (4 + + * k e k \ + T9 k (4 + — — J 



+ e k {i + Tip + d k )} 4 + 



/e 2 K 2 a 



i4i 



(^.2^2^ 
4 + J = 0 ( 23 ) 



This is Six degree polynomial Then we get following dispersion relation, 
equations and shows the combined influence 

of fine dust particles, viscosity, rotations, ("i + 4/7'J(crM 1 + = 0 (24) 

magnetic field, thermal conductivity and The first factor of (24) gives as 
heat-loss functions in the transverse mode of 

propagation when axis of rotation is parallel a 4 T 2 + ct 3 2t{1 + Tip + i9 fe )} 
to the direction of magnetic field. 



4.2.2. Axis of rotation perpendicular to 
the magnetic field(/2i B):- 

In the case of a rotation axis 



+ <7 2 [{1 + Tip + i9 fc )} 2 + 2Td k + T 2 4£?} 
+ 2a[0 k {l + Tip + ti k )} + TAtf] + V 2 
+ 4if = 0 (25) 

This is four degree polynomial 



perpendicular to the magnetic field i.e. equation and show the combined influence 

of various parameters. 



fJ x = Q and Q z = 0 
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The second factor of dispersion relation (24) simplification written as. 



a 4 r + a 3 {l + t{P + d k + 9 k )} + a 2 [d k + 9 k +r(^+ ^ + f36 k + 9 k d k )] + 

a [(4 + ^ + , k 0 k ) + r0 k (4 + ^)] + 0 k (4 + = 0 (26) 



This is four degree polynomial 
equation and show the combined influence 
of various parameters, fine dust particles, 
viscosity, rotations, magnetic field, thermal 
conductivity and heat-loss functions in the 
transverse mode of propagation when axis of 
rotation perpendicular to the magnetic field. 

5. CONCLUSIONS 

In the present paper, we have 
investigated the problem of Jeans instability 
of a finite homogeneous, self-gravitating 
magnetized rotating gaseous plasma under 
the influence of finite electron inertia and 
effect of fine dust particles. We find that our 
results are modified due to the combined 
effect of fine dust particles, Thermal 
conductivity, viscosity, finite electron 
inertia, magnetic field as compared to 
previous results obtained by various authors. 
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